associated colorectal cancer [14] . Thus, setting a treatment goal to achieve not only clinical remission but also MH is the current standard treatment of UC [3] . However, even among patients with MH, a certain number of patients experience relapse. Various studies have been conducted on prediction of relapse. Recent studies have focused on histological inflammation as a superior indicator of sustained remission to MH. Previous studies have shown that active histological inflammation is observed in approximately 40 % of patients with MH [4, 15 -18] . In recent years, the importance of histological healing has attracted attention as an indicator of sustained remission [19, 20] . However, no report of any study compared the severity of histological inflammation and endoscopic findings in patients remaining in remission for a long time.
In the current study, we retrospectively compared severity of histological inflammation with endoscopic findings in UC patients with MH in the remission maintenance phase, and investigated whether histological healing could be a predictor of sustained remission.
Patients and methods

Study design and patient population
This retrospective cohort study was conducted in two medical institutions and approved by the ethics committee of Dokkyo Medical University Hospital (approval no. 29002). This study was conducted in accordance with the ethical principles associated with the Declaration of Helsinki and registered in the University Hospital Medical Network Clinical Trials Registry [UMIN000033452]. We provided a means to opt out instead of omitting informed consent, which is a way to guarantee the opportunity for research subjects to notify and publish research information on our website.
The primary endpoint of this study was to examine whether histological healing could be a predictor of sustained remission in UC patients with MH. The second endpoint was to investigate risk factors for relapse (age, sex, affected area, disease duration, smoking rate, and duration of remission before entry). In considering duration of remission before entry, patients were divided into two groups, one maintaining remission for 1 year before entry and one maintaining remission over 1 year (longer term).
To select eligible patients, we retrospectively reviewed medical records of 555 UC patients aged 12 to 86 who had been treated at Dokkyo Medical University Hospital and Japanese Red Cross Ashikaga Hospital between January 2008 and March 2016. Of 207 patients who had remained in clinical remission with only 5-aminosalicylic acid (ASA) for at least 1 year without dose modification, who had been found to have MH by colonoscopy, and who had undergone a biopsy, 166 were confirmed to have consumed 80 % of prescribed medications based on their medical records and included in the current study (▶ Fig. 1 ). The ASA preparations used were a time-dependent ASA preparation (Pentasa, 2000 -4000 mg/d; Kyorin Pharmaceutical Co., Ltd., Tokyo, Japan), a pH-dependent ASA preparation (Asacol, 2400 -3600 mg/d; Zeria Pharmaceutical Co., Ltd., Tokyo, Japan), and salazosulfapyridine (Salazopyrin, 2000 -4000 mg/d; Pfizer Japan Inc., Tokyo, Japan), which are approved in Japan.
Meanwhile, patients who had been treated with immunomodulators or anti-tumor necrosis factor-α drugs were excluded. Clinical remission was defined as Rachmilewitz Clinical Activity Index of 4 points or lower [21] . The strategy for treatment was on the basis of the Japanese clinical guideline for UC [22] . Therefore, clinical evaluation and follow-up for UC patients were the same way in the two institutions.
Endoscopic evaluation
According to the Montreal Classification of UC, the colon was divided into the following three segments [23, 24] Endoscopic evaluation was based on the Mayo endoscopic subscore (MES) [25, 26] , where MES 0 (no friability, granularity, and intact vascular pattern) corresponds to normal mucosa and MES 1 (mild erythema or decreased vascular pattern) corresponds to healed mucosa. MH was defined as a state of normal and healed mucosa. In addition, MES 2 (marked erythema, absent vascular pattern, friability, and erosions) and MES 3 (spontaneous bleeding and ulceration) were regarded to correspond to mucosa in the active phase (▶ Fig. 2 ). Endoscopic findings obtained after at least 1 year of clinical remission were evaluated by two endoscopists, each one selected at the two medical institutions from those with 10 years or more experience with a specialty in IBD who annually treated 200 or more patients with IBD. Endoscopic findings on which the two endoscopists agreed were included in analyses. When they disagreed on evaluation of the findings, cases were scored by assigning one point each to the following three items: presence of redness, visible vascular pattern, and fine mucosal granularity. When the mean of scores calculated by the two endoscopists was two or higher, patients were determined to have MES 1. To evaluate endoscopic findings, scores of the colon segments with the most severe inflammation were used.
Histological evaluation
Pathological examination was performed by a pathologist who specialized in pathology of gastrointestinal diseases. Severity of histological inflammation was graded as follows, according to the Matts classification [27] : 1, normal; 2, infiltration of round cells and polymorphonuclear leukocytes into the mucosa and lamina propria; 3, moderate cell infiltration and partial infiltration into the submucosa; 4, crypt abscess and marked cell infiltration of all mucosal layers; 5, erosion, ulceration, mucosal necrosis, and marked cell infiltration. Patients with Matts 1 and 2 were included in the histological healing (HH) group, and those with Matts 3, 4, and 5, in the non-histological healing (NHH) group.
Statistical analyses
Statistical analyses were performed with IBM SPSS Statistics 24 (IBM Japan, Ltd., Tokyo, Japan). The Cohen kappa coefficient (κ) was calculated to determine the agreement rate between the two endoscopists who evaluated the endoscopic findings. The Pearson χ 2 test was performed to compare sex, affected area, endoscopic classification, histological classification, smoking rate, and duration of remission before entry. When the expect- Original article ed value was < 5, the Fisher exact test was performed. The Mann-Whitney U test was performed to compare mean age and mean disease duration. To compare the remission maintenance rate, survival curves were generated using the KaplanMeier method and the log-rank test was performed. The Cox proportional hazards model was used to identify predictors of clinical relapse. P < 0.05 indicated statistical significance.
Results
Analysis of study patients
Background characteristics of the 166 study patients are shown in ▶ Table 1 . According to the affected areas, proctitis type accounted for 15.1 % of the patients (n = 25), left-sided type for 33.1 % (n = 55), and pancolitis type for 51.8 % (n = 86). Endoscopic findings were graded as MES 0 in 54.8 % of the patients (n = 91) and MES 1 in 45.2 % (n = 75) (▶ Table 2 ). Regarding the agreement rate of endoscopic evaluation between the two endoscopists, a high Cohen kappa coefficient (κ = 0.73) was obtained, indicating virtually complete agreement. Histological evaluation revealed HH in 73.5 % (n = 122) and NHH in 26.5 % (n = 44) of the patients (▶ Table 3 
Mucosal healing and relapse-free survival
When the MES 0 and MES 1 groups were compared and analyzed, the remission maintenance rate was higher in the MES 0 group, with a statistically significant difference (hazard ratio, 4.484; 95 % confidence interval, 1.474 -13.642; P = 0.004) (▶ Fig. 3 ).
Histological healing and relapse-free survival
The HH and NHH groups were compared and analyzed. The remission maintenance rate was higher in the HH group, with a statistically significant difference (hazard ratio, 3.866; 95 % confidence interval, 1.497 -9.982; P = 0.003) ( ▶ Fig. 4) . Furthermore, when the HH and NHH subgroups within the MES 0 group were compared and analyzed, no significant difference was observed in the remission maintenance rate (hazard ratio, 0.042; 95 % confidence interval, 0.000 -66635; P = 0.502) ▶ Values are presented as mean ± standard deviation or % (n). MES, Mayo endoscopic subscore; HH, histological healing; NHH, non-histological healing.
▶ Table 2 Comparison of patient characteristics between the MES 0 and MES 1 groups (▶ Fig. 5 ). Moreover, when the HH and NHH subgroups within the MES 1 group were compared and analyzed, the remission maintenance rate was higher in the HH subgroup, with a statistically significant difference (hazard ratio, 3.744; 95 % confidence interval, 1.041 -13.466; P = 0.030) (▶ Fig. 6 ). Meanwhile, comparison of the HH subgroups of the MES 0 and MES 1 groups did not reveal any significant difference in the remission maintenance rate (hazard ratio, 1.640; 95 % confidence interval, 0.367 -7.337; P = 0.512) (▶ Fig. 7 ).
Risk factors
Age, sex, affected area, disease duration, smoking rate, and duration of remission before entry were analyzed, but none was identified to be a significant factor for predicting presence or absence of relapse (▶ Table 4 ).
Discussion
The International Organization for the Study of Inflammatory Bowel Disease defines MH as "an absence of friability, bleeding, erosions, or ulcerations in all endoscopically observable seg-▶ Fig. 4 Comparison of remission maintenance rates between the ments of the intestinal mucosa" [2] . Based on previous studies, the remission maintenance rate is high in patients achieving MH [3 -14] . MES and Matts classification have never been fully validated, but do represent two of the most widely used scores to quantify endoscopic and histologic activity, respectively. MES is widely used to evaluate the mucosa, and MES 0 and MES 1 correspond to endoscopic MH [6] . However, no consistent views have been reached on whether the remission maintenance rate differs between patients with MES 0 and MES 1 [7, 10, 28] . The current study revealed a higher remission maintenance rate in the MES 0 group than in the MES 1 group, indicating that if the mucosal condition is endoscopically confirmed as MES 0, probability of relapse can be expected to be low. Meanwhile, approximately 30 % of patients with MES 1 experienced relapse in 60 months. Even in patients with endoscopically confirmed MH, estimating the probability of relapse separately in those with MES 0 and MES 1 seemed necessary.
In recent years, histological healing has been considered to be a much superior indicator of remission maintenance to MH. It has also been suggested that not only MH but also resolution of histological inflammation is associated with decreases in relapse rate, hospitalization rate, steroid use, surgery rate, and risk of UC-associated colorectal cancer [4, 15 -20, 29 -33] . Riley et al. demonstrated in a study of 82 UC patients that the rate of relapse within 12 months was significantly higher in patients with histological findings of acute inflammatory cell infiltration, crypt abscess, and goblet cell depletion [15] . Bitton et al. reported in a study of 74 UC patients in clinical and endoscopic remission that presence of basal plasmacytosis detected by rectal biopsy is an independent predictor of relapse of UC [17] . Bryant et al. reported that, compared with endoscopic MH, histological healing is more useful for predicting development of severe acute colitis requiring remission induction with corticosteroids or hospitalization [19] . Feagins et al. studied histological findings from 51 UC patients in clinical remission and reported that presence of basal lymphoplasmacytic tumor, epithelial erosion/ulceration, and moderate to severe structural changes is significantly useful for predicting clinical relapse at 6 and 12 months. Compared with assessment of only endoscopic findings, assessment of histological findings was reported to be more useful for predicting relapse [20] . Christensen et al. reported that histological healing can be used as a clinical endpoint for UC patients and that histological evaluation should be a part of endoscopic evaluation as an indicator of activity of IBD [33] .
We investigated the importance of assessing histological healing in patients who had remained in clinical remission for a long time and had been found to have MH by colonoscopy. Our study yielded results comparable to those of previous studies. Within the MES 1 group, the HH subgroup showed a higher remission maintenance rate than the NHH subgroup. Meanwhile, within the HH group, the remission maintenance rates were comparable between the MES 0 and MES 1 subgroups. These results indicated that if histological inflammation is graded as Matts 1 or 2 in patients with MES 1, their remission maintenance rate is comparable with that in patients with MES 0.
In the current study, risk factors for relapse of UC were also investigated through analyses of secondary endpoints. On this issue, various studies have been conducted. Bitton et al. reported that early relapse is associated with younger age, short duration of remission before their investigation, and frequency of prior relapses [17] . Meanwhile, Christensen et al. reported that age, sex, smoking, disease duration, and affected area did not show any significant difference as factors for remission maintenance [33] . No consistent views have been reached. The current study analyzed age, sex, affected area, disease duration, smoking rate, and duration of remission before entry, but none was a significant risk factor for relapse. However, because the current study was retrospective, lifestyle habits were not rigorously assessed. We hope that future prospective studies may provide new findings.
As for the limitations of the current study, we did not assess effects of remission induction techniques (use of steroids, tacrolimus, biological drugs, etc.), doses and types of 5-ASA preparations, application of topical drugs, or lack of details on maintenance treatments for patients in endoscopic/histologic remission.
Another limitation was the retrospective study design. However, because no other study has been conducted on patients in sustained remission, our study presumably provided an indicator for predicting relapse in such patients.
Conclusion
In conclusion, although MES 0 and MES 1 are often regarded as corresponding to MH, this study suggests that histological healing could be a predictor of sustained remission in UC patients. Particularly in patients with MES 1, examination of histological inflammation seemed useful for long-term management of UC. To apply the results of the current study to clinical practice, we recommend that well-designed multicenter prospective studies be conducted. Furthermore, we believe that it would be better to design similar research in Crohn's disease in the future.
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